It was found that 13C NMR spectroscopy is applicable to the unequivocal configurational assignment at the quarternary carbon in seven pairs of 3-C-substituted-hexopyranose derivatives. The configuration of methyl 4,6-O-benzylidene-3-C-nitromethyl-2-0-p-tolylsulfonyl-IX-D-glucopyrimoside reported by Jordaan et al. is revised to D-allo by a chemical method.
It was found that 13C NMR spectroscopy is applicable to the unequivocal configurational assignment at the quarternary carbon in seven pairs of 3-C-substituted-hexopyranose derivatives. The configuration of methyl 4,6-O-benzylidene-3-C-nitromethyl-2-0-p-tolylsulfonyl-IX-D-glucopyrimoside reported by Jordaan et al. is revised to D-allo by a chemical method.
Determination of the configuration of a branching carbon atom in branched-chain sugars having no hydrogen atom at the branching point is difficult, no simple and reliable method being available. In our work on the subject, chemical derivations, cuprammonium complex formation,1) and the chemical shift of tertiary acetoxyl protons 3 ) have been used. However, some exceptions in IH NMR method have been found in the case of branched-chain sugars. 4 -6 ) Recently, lanthanoid-induced changes in the chemical shifts of IH NMR7) and the 13C chemical shift differences between axial and equatorial carbons 8 ) have been used to elucidate the configuration of tertiary alcoholic centers of several branched-chain sugars.
In the lanthanoid method, the magnitude of the shift gradient (proportional shift of the concentration to shift reagent) for each identifiable proton resonance of a tertiary alcoholic derivative is compared with that of the corresponding secondary alcohol of known stereochemistry. The uniform correspondence of the entire set of shift gradients is taken as evidence of their same relative configuration. 7 ) However, during the course of examination of the method for branchedchain sugars synthesized in our laboratory, we found that it is ambiguous in a few instances; the configuration of methyl 4,6-0-benzenzylidene-3-C-nitromethyl-2 -0 -p-tolylsulfonyl-ex-o-glucopyranoside (1)9) assigned by this method 6 ) has been revised to o-allo (2) . More data seemed necessary to establish the 13C NMR method. In this paper, the above structure revision and consistent results in the examination of the 13C NMR method for seven pairs of 3-C-substituted hexopyranose derivatives having various functional groups at the branching point are described.
Results and Discussion
MethyI4,6-0-benzylidene-3-C-(benzoylaminomethyl)-ex-o-allopyranoside (3) was obtained by the reaction of methyl 4,6-0-benzylidene-2-0-benzoyl-ex-o-ribohexopyranosid-3-ulose with nitromethane, followed by hydrogenation which was accompanied by O~N benzoyl migration. 10 ) The configuration of 3 was confirmed by comparison of the rotational change in cuprammonium .solution with that of its 3-epimer synthesized from the same 3-ulose by the successive reac- tions; spiro-epoxidation with diazomethane, epoxy-ring opening with ammonia, and then N-benzoylation. From the results, the assignment of o-glUl:o configuration to a 3-C-nitromethyl derivative from nitromethane and 2-0-p-tolylsulfonyl analogue of the above 3-ulose was highly doubtful. From the reaction conditions the 3-C-nitromethyl derivatives were considered to be thermodynamically stable products. Consequently, 1 preparaed according to the method of Jordaan et aU) was hydrogenated in the presence of well-washed Raney nickel and then subjected to N-benzoylation with benzoic anhydride to give the corresponding 3-C-(benzoylaminomethyl) derivative (4). Treatment of 3 in pyridine with equimolar p-toluenesulfonyl chloride also gave 4. Thus, the o-gluco configuration of 1 assigned by shift reagent method was revised to D-allo (2) by the chemical method.
The fact that equatorially oriented branching carbons are deshielded with respect to axially oriented carbons in 13C NMR for the configurational assignment of branched-chain pyranoses has been shown by examination of three epimeric pairs of 4-C-methyl,1l) two pairs of 3-C-hydroxymethyl,8) one pair of 3-C-methyl derivatives 8 ) possessing an hydroxyl group at the quarternary carbon, and one pair of 2-deoxy-2-Cmethyl derivatives.!l) We have examined seven epimeric pairs of 3-C-substituted derivatives: methyl 2-0-acetyl-4,6-0-benzylidene-3-C-methyl-ex-D-allo-(5) and -glucopyranoside (6) ,10) their 3-0-acetyl derivatives (7 and 8),1°) methyl 4,6-0-benzylidene-3-C-methyl-2-0-methyl-ex-D-allo-(9) and glucopyranoside (10),4 a ) methyl 4,6-0-benzylidene-3-C-methyl-2-0-methyl-ex-oaltro-(11) and -mannopyranoside (I2),4a) methyl 2-0-acetyl-3-C-(benzoylaminomethyl) -4,6-O-benzylidene-IX-D-allo-(13)10) and -glucopyranoside (14) , methyl 3-acetylamino -2,3,6 -trideoxy-3-C-methyl-4-0-methyl-ex-L-ribo-(15) and -arabino-hexopyranoside (16),1) 2,3,6-trideoxy-3-C-methyl-4-0-methyl-3-nitro-L-ribo-(17) and -arabino-hexose (18),1) and one pair of 2-C-methyl derivatives; methyl 4,6-0-benzylidene-2-C-methyl-3-0-methyl-ex-D-altro-(19) and -allopyranoside (20).4b) Among these compounds, only 14 was newly synthesized by acetylation of the 3-epimer of 3 10 ) in pyridine with acetic anhydride.
Chemical shifts of the chain carbons and 3-C-branching carbon of hexopyranoses and shift differences between axially and equatorially oriented carbons at C 3 in 5--18 and at C 2 in 19 and 20 are summarized in The deshielding effect '2 ) by O-methylation is also prominent in the chemical shifts of C 2 in 9-12, C 4 in 15 and 17, and C 3 in 19 and 20, but very small in the cases of 16 and 18. The lower field shifts from the usual position of branching carbons in 13 and 14, and of C 3 in 15--18 are attributed to the deshielding effects of the groups attached to them; the chemical shifts of C 2 and C s in 15--18 are reasonable for the deoxy carbon atoms of 2,6-dideoxy-4~O-methyl hexosesP) Data of 17 and 18 support the 'H NMR spectra which show that 17 exists almost completely in the {J-form, whereas 18 exists in an a,,B-mixture of nearly equal amounts.
The resonance due to the equatorial carbon atoms of 3-C-branching chains is always at a field lower than that of the axial carbons for the seven pairs of 3-Csubstituted sugars examined (Table 1) . Consistent results were also obtained for the 'sugars containing a benzoylaminomethyl group or a nitro group at quar- Experhnental lac NMR spectra of branched-chain sugars, 5, 6, 9-12, 19, and 20 were obtained at 30°C on a JEOL JNM FX-IOO spectrometer in pulse Fourier transform/proton noise decoupled mode at 25.15 MHz in deuteriochloroform. The corresponding spectra of 7, 8, and 13--18 were similarly recorded 32°C on a Varian XL-100-15-IT spectrometer. Each spectrum was obtained after 1000 transients with a spectral width of 5000 Hz, a computer data memory size for the free induction decay of 8 K, an acquisition time of 0.8 s, a pulse delay of 0.8 s, and pulse angle of 45°. 'H NMR spectra were measured on aJEOL PS-100 spectrometer with a CW mode. All measurments were carried out in a CDCl a solution containing a drop of TMS as an internal standard. Optical rotations were measured in 0.2-dm tubes in a Carl Zeiss LEP-AI polarimeter. IR spectra were recorded with a Hitachi Model EPI-G2 spectrometer.
Chemical shifts and coupling constants in 'H NMR were recorded in 6(ppm) and Hz, respectively, and IR frequencies in cm-I . (14) .
Acetylation of methyl 3-C-(benzoylaminomethyl) -4,6 -0-benzylidene-a-D-glucopyranoside'O) in pyridine with acetic anhydride in the usual manner gave the corresponding 2-acetate as a sirup in 93% yield; it was purified by silica-gel column chromatography. [ 
